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ABSTRACT 
Although, optical character recognition has made tremendous achievements in the area of desktop 
publishing, yet a huge amount of work is required to be done. Unlike Roman like languages, there are 
various languages possessing a large number of fonts and/or having complicated shapes. Arabic 
language is one of those languages, which is somewhat complicated in its construction. Although a 
reasonable amount of work has been reported so far for Arabic language but still a good amount of 
work is needed to be developed. In addition, many other languages also need considerable attention 
for automatic generation in their recognition. Efficient, robust, and error free methodologies are 
required to develop systems for such languages so that the recent hardware technologies, to display 
and print, can be utilized.  
This work is devoted to one way of addressing the problem of recognition of the Arabic alphabet. We 
give a brief survey of the state of the art in Arabic Character Recognition and different methods and 
approaches to this problem. We show that recognition can be achieved by simple matching to prebuilt 
prototypes of all the Arabic Character set. This free segmentation approach proved to be efficient for 
the recognition of one font of the Arabic language. We deal with Arabic as a well-structured language 
and base our prototype description on a method called “Minimum Covering Run Expression”. 
We also show that our database of prototypes is easily extendable to allow for multifont recognition of 
Arabic as a basis for a full Arabic OCR system. 
Keywords: Arabic Character Recognition, MCR Expression, OCR, Strokes, Matching. 
 
ﺺﺨﻠﻤﻟا  
 ﻡﺎﻤﺃ ﻪﻴﻋﺍﺭﺼﻤ ﻰﻠﻋ ﺎﺤﻭﺘﻔﻤ ﻰﻘﺒﻴ ﺏﺎﺒﻟﺍ ﻥﺃ ﻻﺇ ؛ﻲﺒﺘﻜﻤﻟﺍ ﺭﺸﻨﻟﺍ لﺎﺠﻤ ﻲﻓ ﺔﻴﻟﻵﺍ ﺓﺀﺍﺭﻘﻟﺍ ﻪﺘﻘﻘﺤ ﻱﺫﻟﺍ لﺌﺎﻬﻟﺍ ﺯﺎﺠﻨﻹﺍ ﻡﻏﺭ
ﺔﻴﺒﺭﻌﻟﺍ ﺔﻐﻠﻟ ﺔﺒﺴﻨﻟﺎﺒ ﺭﺎﻤﻀﻤﻟﺍ ﺍﺫﻫ ﻲﻓ ﺎﻬﻟﺫﺒ ﻲﻐﺒﻨﻴ ﻲﺘﻟﺍ ﺓﺭﺎﺒﺠﻟﺍ ﺩﻭﻬﺠﻟﺍ .ﻠﻟﺎﻓ ؛ﻲﻨﻴﺘﻼﻟﺍ ﻑﺭﺤﻟﺍ ﻰﻠﻋ ﺔﻴﻨﺒﻤﻟﺍ ﺕﺎﻐﻠﻟ ﺎﻓﻼﺨ ﺔﻐ
ﻪﺘﺍﺫﺒ ﺎﻤﺌﺎﻗ ﺎﻨﻓ ﻲﺒﺭﻌﻟﺍ ﻁﺨﻟﺍ لﻌﺠﻴ ﺎﻤﻤ ﻁﺨﻟﺍ ﺏﻴﻟﺎﺴﺃ ﻭ ﻁﻭﻁﺨﻟﺍ ﻉﺍﻭﻨﺃ ﻥﻤ لﺌﺎﻫ ﻡﻜﺒ ﺭﺨﺯﺘ ﺔﻴﺒﺭﻌﻟﺍ . ﻥﻤ ﺩﺍﺯ ﺩﻗ ﺍﺫﻫ ﻥﺃ ﻻﺇ
 ﻑﻭﺭﺤﻟﺍ ﻰﻠﻋ ﻲﺌﻭﻀﻟﺍ ﻑﺭﻌﺘﻟﺍ ﺔﻤﻬﻤ ﺩﻴﻘﻌﺘ)OCR (ﻲﻟﻵﺍ ﺏﺴﺎﺤﻠﻟ ﺔﺒﺴﻨﻟﺎﺒ ﺓﺩﻘﻌﻤ ﻭ ﺔﺒﻌﺼ ﺔﻴﻠﻤﻋ ﺎﻬﺘﺍﺫ ﺩﺤ ﻲﻓ ﻲﻫ ﻲﺘﻟﺍ. 
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 ﻥﻤ ﺎﻫﺭﻴﻏ ﻭ ﺔﻴﺒﺭﻌﻟﺍ ﺹﻭﺼﻨﻟﺍ ﺔﻌﻴﺒﻁ ﺭﺜﺅﺘ ﻭ ؛ﻑﻭﺭﺤﻟﺍ ﻰﻠﻋ ﻲﺌﻭﻀﻟﺍ ﻑﺭﻌﺘﻟﺍ ﺔﻴﻠﻤﻋ ﻰﻠﻋ ﺍﺭﺸﺎﺒﻤ ﺍﺭﻴﺜﺄﺘ ﺕﺎﻐﻠﻟﺍ
 ﺓﺩﺤﺍﻭ ﺔﻬﺠ ﻥﻤ ﻻﺇ لﺎﺼﺘﻻﺍ لﺒﻘﻴ ﻻ ﻑﻭﺭﺤﻟﺍ ﺽﻌﺒ ﻭ ؛ﺎﻬﻠﺨﺍﺩﺘ ﻭ ﻑﻭﺭﺤﻟﺍ ﻙﺒﺎﺸﺘ لﺜﻤ ﻲﺒﺭﻌﻟﺍ ﺹﻨﻟﺍ ﺹﺌﺎﺼﺨﻓ
 ﻭ ﺔﻴﺼﻭﺼﺨ ﻥﻤ ﺩﻴﺯﺘ ﺎﻬﻠﻜ ﺔﻤﻠﻜﻟﺍ ﺔﻴﺎﻬﻨ ﻭﺃ ﻁﺴﻭ ﻭﺃ ﺔﻴﺍﺩﺒ ﻲﻓ ﻪﻌﻗﻭﻤﻟ ﺎﻘﻓﻭ ﻲﺒﺭﻌﻟﺍ ﻑﺭﺤﻟﺍ لﺎﻜﺸﺃ ﻥﻴﺎﺒﺘ ﻰﻟﺇ ﺔﻓﺎﻀﻹﺎﺒ
ﻔﺘلﺎﺠﻤﻟﺍ ﺍﺫﻫ ﻲﻓ ﺙﺤﺒﻟﺍ ﺩﺭ. 
 ﻰﻤﺴﺘ ﺔﻘﻴﺭﻁ ﻰﻠﻋ ﺀﺎﻨﺒ ﻑﻭﺭﺤﻠﻟ ﻲﺒﻴﻜﺭﺘ ﻑﺼﻭ ﻰﻠﻋ ﺩﻤﺘﻌﺘ ﺓﺩﻴﺩﺠ ﺔﻘﻴﺭﻁ ﺔﻗﺭﻭﻟﺍ ﻩﺫﻫ ﻲﻓ ﺽﺭﻌﻨMCR ﻭﺃ ) ﺢﺴﻤ لﻗﺃ
ﻲﻁﻐﻤ .( ﻰﻠﻋ ﻑﺭﻌﺘﻟﺍ ﻡﺘﻴ ﻭ ؛ﺎﻬﺘﺍﺫ ﺩﺤ ﻲﻓ ﺎﻓﺩﻫ ﺕﺴﻴﻟ ﻲﻫ ﻲﺘﻟﺍ ﻭ ﻑﻭﺭﺤ ﻰﻟﺇ ﺕﺎﻤﻠﻜﻟﺍ ﻊﻴﻁﻘﺘ ﺔﻴﻠﻤﻋ ﺏﻨﺠﺘﺘ ﺔﻘﻴﺭﻁﻟﺍ ﻩﺫﻫ
 ﻪﺘﻤﺀﺍﻭﻤ ﻡﺘﺘ ﺎﻤﺩﻨﻋ ﻪﺘﺀﺍﺭﻗ ﻭ ﻑﺭﺤﻟﺍﺽﺭﻐﻟﺍ ﺍﺫﻬﻟ ﺎﻫﺩﺍﺩﻋﺇ ﻡﺘﻴ ﻲﺘﻟﺍ ﺕﺎﻴﻁﻌﻤﻟﺍ ﺓﺩﻋﺎﻗ ﻲﻓ ﻲﻟﻭﺃ ﺝﺫﻭﻤﻨ ﻊﻤ. 
ﺔﻴﺒﺭﻌﻟﺍ ﻁﻭﻁﺨﻟﺍ ﻥﻤ ﻯﺭﺨﺃ ﻉﺍﻭﻨﺃ ﻰﻟﺇ ﺔﻘﻴﺭﻁﻟﺍ ﻊﻴﺴﻭﺘ ﺔﻟﻭﻬﺴ ﺎﻨﻫ ﻥﻴﺒﻨ ﻭ ﺦﺴﻨﻟﺍ ﻁﺨ ﻰﻠﻋ ﺡﺎﺠﻨﺒ ﺔﻘﻴﺭﻁﻟﺍ ﺔﺒﺭﺠﺘ ﺕﻤﺘ ﺩﻘﻟ. 
  
1. INTRODUCTION  
Reading text in documents automatically is the key to get information therein shared and 
stored in the most optimal way. This will support if not replace the more tedious and 
expensive task of data input through keyboard. This problem has been largely tackled for 
Latin script languages, but remains still widely open for Arabic script based languages. The 
characteristics of the Arabic language do not allow direct implementation of many algorithms 
used or developed for other languages. The particular characteristics of the Arabic characters 
and text add to the difficulty of this already challenging problem of character recognition. 
Nevertheless, since the early work carried out by [Amin A. et al. 1986, 1992] there have been 
reports about successful research projects in the field of printed Arabic character recognition. 
Connectivity of characters being an inherent property to Arabic writing, it is therefore of a 
primary importance to tackle the problem of segmentation [Iwaki et al., 1985], [Jain et al., 
1992], [Chen et al., 2000] in any potentially practical OCR system, especially for Arabic. 
Several researchers have attempted to solve the problem of segmentation of cursive writing 
with success for on-line recognition however off-line cursive writing, where the order of the 
strokes made by the writer is lost, has not been satisfactorily solved. 
A good survey for off line Arabic character recognition can be found in [Amin, 1997]. It 
shows that machine simulation of human reading has been the subject of intensive research 
for almost three decades. The state of Arabic character recognition research throughout the 
last two decades is presented in [Al-Badr et al., 1995] and [Amin, 1998]. A large number of 
research papers and reports have already been published on Latin, Chinese and Japanese 
characters [Sawaki et al., 1998], [Mori et al., 1992], [Govindan et al., 1990], [Impedovo et al., 
1991] and others. However, relatively little work has been conducted on the automatic 
recognition of Arabic characters. Both machine printed and handwritten Arabic text is 
connected and cursive, and this complex problem is still an open research field. Windows 
based software that can interact with a scanner and can recognize a single font of Arabic script 
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with 85% accuracy at about 16 characters per second, has been presented in [El-Dabi et al., 
1990]. Hidden Markov Models and Neural network are also being investigated like in [Amin 
et al., 1997], [Ben Amara et al., 1998], [Dehghan et al., 2001], [Mahjoub, 1996]. An algorithm 
developed for recognition of printed Farsi characters with various fonts, irrespective of size, 
rotation and stork is presented in [Namazi et al., 1996]. The system uses Pseudo-Zernike 
Moments as input features and the classifier consists of a complex of neural networks (NN) 
and fuzzy neural networks (FNN). The performance of the authors’ system is evaluated on a 
database consisting of more than 3700 character samples. They claim having achieved a high 
recognition rate of 99.85%. This would have been an excellent system if Arabic characters 
were written separated like the Roman alphabet. A high performance Arabic character 
recognition system is introduced in [Alherbish et al., 1998] and [Bushofa et al., 1997]. The 
goal stated was to maximize both accuracy and speed. The authors developed a sequential 
Arabic character recognition system and mapped it into a multiprocessing environment. 
Experimental results show that the multiprocessing environment is very promising in 
enhancing a sequential Arabic character recognition system performance according to the 
authors. This sounds good if the problem of segmentation of text to individual characters is 
dealt with successfully. In our case, segmentation is achieved automatically whenever a 
correct final match is made [Zidouri et al., 1994], [Zidouri et al., 1995]. This means that our 
approach can be thought of as a segmentation free method. Segmentation is just a by-product 
of recognition. In this aspect, this is similar to the approach of [Cheung et al., 2001], and [Al-
Badr et al., 1995] in the sense that it is a recognition-based segmentation method. Our method 
has been tested with one font and results proved to be encouraging. The multi-font aspect of 
the problem is under investigation. 
 
2. ARABIC SCRIPT CHARACTERISTICS  
Arabic language is one of the most ancient languages and spoken by many people in areas 
around the globe. The Arabic script and language have resisted any major change for centuries 
now. Text written or words used more than 1000 years ago are still being used and understood 
by schoolboys around the Arab world. Nevertheless, with the advent of computer age and 
information technology, efforts have been directed to adapt the Arabic script for ease of use 
with the new tools. This without too much loosing on conserving the esthetic and artistic 
nature of the Arabic alphabet.   One such effort has been concerned with automating of the 
handling of Arabic characters and text. This effort is faced with the usual problems of 
character recognition in general in addition to problems that are specific to Arabic language 
only. Arabic presents some specific characteristics that are worth noting for the English 
reader.  
 Arabic is written from right to left. 
 It is composed of 28 characters 
 The characters change shape depending on their position in a word 
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 They can be grouped in 100 character shapes 
 They present a lot of similarities and composed of many loops and cusps, 
Tab.1. 
 Characters are connected even when typed or printed 
 Two kinds of spaces, between words and within a word introduced by 
characters that have no middle shape MF 
 The characters are written following a writing line called herein “baseline”, 
which is about 2/3 down the main body of the characters 
Table 1 below shows the complete set of the Arabic Alphabet characters in their different 
shapes: when a character is being isolated or form (IF), at the beginning of a word or (BF), in 
the middle of a word or (MF), and at the end of a word or (EF). 
 
EF MF BF IF EF MF BF IF 
ﺎـ   ﺍ ـﻅ  ــﻅ  ﻅـ  ﻅ 
ﺏـ ــﺒ  ﺒـ  ﺏ ـﻙ  ــﻜ  ﻜـ  ﻙ 
ﺕـ ــﺘ  ﺘـ  ﺕ ـل  ــﻠ  ﻟـ  ل 
ﺙـ ــﺜ  ﺜـ  ﺙ ـﻡ  ــﻤ  ﻤـ  ﻡ 
ﺞـ ــﺠ  ﺠـ  ﺝ ـﻥ  ــﻨ  ﻨـ  ﻥ 
ﺢـ ــﺤ  ﺤـ  ﺡ ـﻊ  ــﻌ  ﻋـ  ﻉ 
ﺦـ ــﺨ  ﺨـ  ﺥ ـﻎ  ــﻐ  ﻏـ  ﻍ 
ﺩـ   ﺩ ـﻑ  ــﻔ  ﻓـ  ﻑ 
ﺫـ   ﺫ ـﻕ  ــﻘ  ﻗـ  ﻕ 
ﺭـ   ﺭ ـﺱ  ـﺴـ ﺴـ  ﺱ 
ﺯـ   ﺯ ـﺵ  ــﺸ  ﺸـ  ﺵ 
ﺹـ ــﺼ  ــﺼ  ﺹ ـﻪ  ــﻬ  ﻫـ  ﻩ 
ﺽـ ــﻀ  ــﻀ  ﺽ ـﻭ    ﻭ 
ﻁـ ــﻁ  ــﻁ  ﻁ ـﻲ  ــﻴ  ﻴـ  ﻱ 
 
Table. 1 Arabic Alphabet in their different shapes: 
Isolated (IF), 
at the beginning (BF), 
in the middle (MF), and 
at the end (EF) of a word. 
Fig. 1 (a) A binary pattern, 
(b) its horizontal run representation, 
(c) its vertical run representation, and 
(d) its MCR representation showing the 
stroke decomposition of the pattern. 
 
These characteristics have made Arabic character recognition one of the most difficult 
problems. It is well known that for Off-line cursive writing, where the order made by the 
writer is lost, an important problem in the recognition process is to segment the words into 
separable characters for recognition. Existing algorithms and techniques for Roman characters 
or Kanji based languages are not readily adaptable to Arabic. For a unified approach to 
various types of document image processing, a method called Minimum Covering Run 
(MCR) expression has been proposed by [Douniwa et al., 1992], [Chinveeraphan et al., 1993] 
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to represent document images. It has been modified by [Chinveeraphan et al., 1994], 
[Chinveeraphan et al., 1995] to extract strokes from textual patterns more precisely than the 
original expression, as structural features for recognition. Recently many types of document 
image processing such as image compression, image understanding, or image database 
managing have been extensively used. A structural method that tends to deal with these tasks 
in a unified approach is very much wanted. Also, there is a growing demand for the use of 
Arabic script in computer and communication technologies due to the wide spread of 
computers in businesses and home computing. The following sections give a brief description 
of the modified MCR technique and how it is being used as a preprocessing for Arabic 
character recognition. 
 
3. MCR DATA DESCRIPTION 
The modified MCR stands for modified minimum covering run. Generally, information in 
document images such as characters or lines is composed of horizontal and vertical strokes. 
Traditionally patterns are described either by vertical runs or horizontal runs of pixels. In 
MCR a pattern is described with both types of runs by a minimum number of runs called 
covering runs. The modified MCR uses some local stroke analysis to account for elongated 
segments, therefore is faster than the original expression and is better suited for stroke 
description. This is achieved at the expense of some more runs than the exact minimum, 
which is calculated with analogy to maximum matching in a corresponding bipartite graph in 
graph theory. The term “stroke” is not as usually defined in the literature as a pen lift or as 
usually defined in the Japanese or Chinese writing. Our definition of a stroke is somehow 
theoretical one. The word “stroke” is being used here to mean such “parts” as the four curved 
segments composing a character zero, or a “circle” shape pattern, i.e. an  “O” or a similar 
shaped pattern would be represented by 2 vertical and 2 horizontal “strokes”. A character “C” 
or a similar curved pattern at the end of many Arabic characters will be represented by 1 
vertical and 2 horizontal strokes and so on. Fig. 1 shows an example of “strokes” for 
representing a circle shaped binary pattern. However this way of defining a stroke is 
convenient. For example crossing lines would be decomposed into 4 strokes. In this way we 
don't have to worry about the order of writing, when describing textual patterns. The MCR 
expression aims at describing strokes of characters, or lines in document images competently. 
This increase in accuracy of stroke extraction is, however, achieved at the expense of increase 
in number of representative runs. It means that a number of covering runs in Modified MCR 
expression is more than that in MCR expression of the same image. In this way, the Modified 
MCR expression can be regarded as an intermediate processing which converts a bit pixel 
representation into (structural) shape representation [Davis, 1986]. That is, patterns such as 
characters in images are decomposed into horizontal and vertical strokes, and properties of the 
strokes are encoded.  For recognition of characters the strokes as defined, are subdivided into 
two categories, overlapping (or crossing) parts and non-overlapping (or non-crossing) parts. 
Only the later are used at the moment to describe the prototypes used for recognition. The 
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advantage of stroke extraction is in its use in many applications to document image 
understanding such as segmentation, classification or character recognition. This later 
application is exploited in this work for printed Arabic characters.  
 
4. SEGMENTATION FREE RECOGNITION 
Our system is a recognition-based segmentation method. This means that we overcome the 
inherent problem of segmentation of words into individual characters for further feature 
extraction and classification. In our system the recognition is directly achieved by simply 
matching the candidate pattern to the prototypes that form the database of our system. This 
database is knowledge-based description of all the 100 classes of the Arabic character shapes. 
The description is obtained from a training set of documents for which the modified MCR 
expression is calculated. Successful results have been reported [Zidouri, 2001] for one font 
Arabic printed text. Fig.2 shows a block diagram of our system. We take a scanned document 
image. Find its modified MCR expression. We detect the baseline. Then from the results 
obtained by modified MCR description and our knowledge of the characters, we build a 
reference database of prototypes for each class of character shapes from a set of  test 
document images. This step is performed only once at the learning stage. Features are 
extracted from the structural information obtained. We are using 8 topological features. The 
features used are 
 {ln, wd}; geometrical features (length, width) 
 {tp} = {h,v}; type of stroke (horizontal or vertical) 
 {ld, rd}; direction left and right from the center 
 {ps} = {lz, bz, mz, uz}; relative position with respect to baseline 
In addition we associate with each stroke a region label {rgn} and a label for the number of 
connected components in that stroke {con}. Then comes the classification and recognition 
stage. This is achieved by simple matching of a candidate character on a scanned document to 
a prototype in the reference database build for this purpose. We match a candidate character C 
to a prototype P having the same number of strokes k. All the prototypes are visited in this 
process, and if for a prototype P = (S1, S2, …, Sk, connection_rule) there is a candidate 
character C = (s1, s2, …, sk, connection_rule) such that: 
PS j ∈∀  Cs j ∈∃  
where 
 },,...,2,1{ kj =   
 ),...,,( 21 mjjjj fffS =  8≤m  (fmj is a relationship to, or a value of one of the 8 features used) 
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 }){},{},{},{},{},{},{},({ln jjjjjjjjj rgnconpsrdldtpwds =  
if:  jpj Sf ∈∀  jcj sf ∈∃ '   
where 
 pjf  is a relationship to, or a value of one of the 8 features in the prototype, and 
'
cjf in the 
candidate character, and 
 p = {1, 2, …, m} 
 c = {1, 2, …, 8} 
such that )__()( ' MatchRuleConnectionff cjpj ∧⊇  then the candidate character shape C is 
matched to the prototype P. 
We report a recognition rate of more than 97% for a popular Arabic font called Naskh, at a 
speed of about 10 characters per second. 
This work is in progress for expansion to multifont. Fig.3 shows a portion of output showing 
the error of substituting the letter ف (or F) for the letter ق (or Q) because one of the dots where 
not properly recognized. This situation can be remedied for in some cases just by adding some 
more prototypes to the database of reference prototypes. For more robust recognition, it would 
be interesting to incorporate in MCR the information about runs of white pixels. This will 
provide the space information between runs of black pixels that we lack in our system. It will 
 
 
Fig.2 Block diagram of the system Fig. 3 Example of errors (a) Approximate 
strokes for visualization showing the detected 
baseline (b) Non-overlapping strokes extracted 
by modified MCR, (c) recognition and points 
to rejection substitution errors
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solve for the substitution errors caused by selecting the character with fewer number of dots 
when the characters’ bodies have identical or similar shape and their dots have the same 
position with respect to the baseline, and they differ only by the number of dots. Fig.3 
illustrates an example of such case. The character main body shape common between ـﻗ “Q-
BF” and ـﻓ “F-BF” which differ only by the number of dots makes it very difficult to find 
rules of connection to discriminate between the two exactly, as the dots are not connected. In 
this case, knowing the separating space would provide valuable information for discrimination 
between similar matching. 
 
5. CONCLUSION 
This paper gives a brief survey of the state of the art in Arabic Character Recognition and 
different methods and approaches used towards this goal. We presented our method and 
showed that in our system we extract features from a structural description of the binary 
patterns called MCR expression. These features serve to build a set of reference prototypes for 
the different classes of the character shapes. Recognition is then achieved by simple matching 
of a candidate character shape to the pre-built prototypes of all the Arabic Character set. We 
report a recognition rate of more than 97% for a popular font called Naskh at a speed of 10 
characters per second. This free segmentation approach proved to be efficient for one font of 
Arabic printed characters. The multi-font aspect is under investigation. 
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